Land use and land cover change is the most important topic of global climate change. GIS and RS provide effective technical methods for land use change research. In this paper we used multi-temporal Landsat remote sensing images of Wuhan city (1991, 2002 and 2005) 
Introduction
Land resources are the basis material for human survival and development. People recognize that land cover change will directly or indirectly affect the development of human society in all aspects. Therefore, countries around the world pay much attention to the utilization and protection of land resources. In 1990, the United States National Research Council (NRC) proposed a global land use/cover change research framework, and gradually aroused wide attention of international organizations [1] . The two organizations IGBP and IHDP which have a global impact co-published "Land Use/Cover Change Science Research Program" in 1995, made the Land Use/Cover research become the forefront and hotspot in global change research [2] .
Atasoy et al investigated the determining land use changes in the Eastern Black Sea region of Turkey. Changes in land cover were analyzed using aerial photography from 1955-2002 within a Geographic Information System [3] . Lunetta et al explored the use of 250 m multi-temporal MODIS NDVI 16-day composite data to provide automated change detection and alarm capability on a 1 year time-step for the Albemarle-Pamlico Estuary System (APES) region of the US [4] . Kamusoko & Aniya analyzed the dynamics of land use/cover and land degradation as revealed in landscape fragmentation in the Bindura District of Zimbabwe based on Landsat data for 1973 and 2000 [5] .Yuan used remote sensing and GIS modeling for land-cover change and environmental impact analysis in the Greater Mankato area of Minnesota [6] .Land cover and land use changes were analyzed over approximately 30 years using Landsat Multispectral Scanner (MSS) data, and Landsat Thematic Mapper (TM) data by image classification techniques [7] . Li et al presented a new method that integrates object-oriented analysis with case-based reasoning (CBR) for detecting land use changes [8] . Baltas & Karaliolidou examined the impacts of land use and climate change on the operational reliability of a multipurpose reservoir in Northern Greece [9] . Pontius et al presented a method to assess models that predict changes among land categories between two points in time [10] . Schaldach R et al described the development of the land-use model LandSHIFT, which aims to simulate land-use and land-cover change on the continental and global scale [11] . A spatio-temporal mining technique is used to predict power load patterns for a voltage transformer by [12] . Petit S et al demonstrated challenges and limitations for developing models to predict trends for relevant individual sustainability indicators at a Pan-European scale [13] . Joo Y et al presented a macroscopic model for predicting future land use patterns using Markov Chain based probability model, and finally examined its applicability to Korea [14] . Pan Y et al explored the impact of variation in scale on the behavior of a CA employed for land use change modeling [15] . The urban construction land are extracted through GIS and RS techniques on the basis of Remote sensing images classifications, and the quantity and spatial distribution characteristics of urban construction land are analyzed [16] .
With the rapid development and application of spatial information technology, RS and GIS have become important approaches to monitoring and detecting land use change. Analysis of the current characteristics of land use change and the rules of spatio-temporal distribution are the necessary conditions and prerequisites of in-depth study on the mechanism and principle of land use/land cover change. We take Wuhan City as the study city, use GIS and RS technology to reveal and discover the general characteristics and evolution of land use change in the area.
A General Survey of the study area
Wuhan is located in the Huazhong hinterland, east edge of Jianghan plain, situated at the junction of the Hanjiang and Yangtze River. Wuhan is an important national transportation and large city. It is also the economic, technological, educational and cultural center in Central China. The range is longitude 113 ° 41 '~ 115 ° 05', latitude 29 ° 58 '~ 31 ° 22'. In this study, the total area of Wuhan is 731.31km 
Characteristic analysis of Land use change in Wuhan City
Through the total amount of land use change information, we can obtain the overall trend of land use change. A variety of land types in the process of urban development appear different development trend, on the ground that internal changes can describe the evolution rules and its distribution characters of different land use types in urban.
Characteristic analysis of area change in 1991, 2002 and 2005
With the classified results of the images in 1991, 2002, 2005, we got actuality information of the land distribution in Wuhan. Based on the statistical results, the total land use area selected in Wuhan is 731.31 km 2 in this study, which mainly include water areas, agricultural land, unused land, construction land, green land and other land use types (Showed as Figure. 2). (1) Adjustment and change of land use structure. In early 1990s, the distribution of water area, agricultural land, construction land, green land and unused land in the overall structure almost as much, of which the largest proportion is agricultural land, nearly 1/3. In 2002, the proportions of various land types have tilted. For example, construction land increased from 17.91% to 30.51%. In 2005, construction land in all land types, plays on a primary role, has increased to 41.24%; comparatively speaking, the ratio of agricultural land continues to decline that has lost its dominant position at this time.
(2) Construction area and agricultural land have the greatest changes in all the land use types. 
Analysis of Land use change from 1991 to 2002
Land use unit is always changing. But in the changing process, which type of land use it converted to, how one type convert to another and how much is the extent of converted, all of these are the key problems in land use change study. The characteristics of the number and structure of land use changes can help to discover the trend and evolution of urban land use.
Based on the obtained information of current land use in Wuhan City, Table 1 shows the features of conversion among agricultural land, construction land, unused land, green land and other land-use types from 1991 to 2002. 
Analysis of Land use change from 2002 to 2005
With the process of urbanization, urban industry structure and the industrial area keep on growing rapidly. Based on the original scope and area, construction land kept increasing. In the core and peripheral areas of the city appeared a series of new external development base and expansion area. The land types and area of land use change from 2002 to 2005 in Wuhan city are shown as Table 2 . Table. 2, agricultural land converted into relatively large proportion of construction land, the area of conversion to waters and unused land is relatively small.
Analysis of Spatio-temporal Changes of Land Use in Wuhan City Using Remote Sensing and GIS
With the process of urbanization, agricultural land surrounding the city was occupied continuously. Convenient traffic provided excellent conditions for people, which lead the direction of changing from agricultural land to urban use land. From the analysis of image, mainly represented filled within the city, such as some waste industrial areas, abandoned areas are often rebuild into new industrial land or construction area. Waters of the lake is often landfill, eventually occupied by industrial land, green land or residential areas etc. turn into urban land.
Model Analysis of Land use change in Wuhan City
In this section, through a single land use dynamic degree, comprehensive land use dynamic degree, land transfer information etc., we discussed and analyzed the internal structure of land use change. Furthermore, we constructed the models to represent the characteristics and trends of land use change in Wuhan city.
Single land use dynamic degree
Land use dynamic index is one of main models for depicting the change rate of land use types. It expresses quantitative changes information of land use in the study area within a certain time, which reflects the degree of urban expansion. The calculation formula of urban expansion dynamic degree is described as follows.
Where DC is urban expansion dynamic change rate in a certain period, T 1 and T 2 are the specific years; DU t1 and DU t2 represent the area of urban in T 1 and T 2 . The index can directly reflect the dynamic change range of one land use type in a given period. The larger value represents the larger change of that land type. Positive value represents the quantity of land increased; negative value represents the quantity of land reduced. Table 3 shows that construction land is positive in the study area. It indicates that the expansion of urban land increased continuously from 1991 to 2005, and the dynamic degree increased from 0.064 to 0.117. Agricultural land decreased from -0.025 to -0.056. On the ground that agricultural land reduced rapidly. Unused land changed from -0.024 to -0.253. During this time there have been large numbers of new industrial development zones around city, the unused land was occupied continuously and then changed into a variety of urban land. 
Comprehensive land use dynamic degree
Comprehensive land use dynamic degree quantitatively describes the change rate of land use, which is beneficial to forecast the trend of land use change. It can be expressed as Formula 2.
Where LU i is the area of i-type of land use type at the first monitoring time;
is the absolute value of i-type of land use converted to not-i type of land use during the monitoring period; T is the length of monitoring time. When T is set to one year, the value of LC is annual change rate of land use in the study area.
Land comprehensive dynamic index in the Table 4 validated the change rate of land use is growing in study area. Its value increased from 0.06 to 0.14 during the period 1991-2002 and 2002-2005 . Meanwhile, it illustrated that the land development and changes structure was complex after 1990s. 
Modelling of land use change degree
Changes of land use degree expressed by the value of land use change degree and the changing rate. Table 5 . The result shows that, the value of land use change degree are 19. 
Conclusion
In this paper, we used 1991, 2002 and 2005 multi-temporal Landsat remote sensing images of Wuhan city, combined with GIS technology, analyzed the characteristics of land area change, information of land type's conversion, spatio-temporal models of land use change etc. According to the general characteristics and evolution patterns of land use change, we analyzed the internal structure of land use change, revealed the main tendency of land evolvement in the rapid urbanization and explored urban land use structure evolution model from 1991 to 2005. The results show that from 1990s, Wuhan gets into the fast lane of urbanization, the development direction along with the Yangtze River. Furthermore, it indicates that the expansion of urban land increased continuously and the trend of urbanization was very obvious in Wuhan from 1991 to 2005. The spatial shape of green land and water area were more stable, and the spatial shape of construction land and unused land were more unstable. Meanwhile, agricultural land reduced rapidly. During this period the unused land was occupied continuously and then changed into a variety of urban land. Based on model analysis of land use change, we discussed the causes, process, and trends of land use change in the study area. For future work, we will use CA or other computational intelligence methods to construct models for simulating and forecasting land use change.
Acknowledgment
The work presented in this paper was supported by the National Natural Science 
